The object of this communication is to give an outline of a new approach to the evaluation of cells in a variety of cytological preparations, with particular reference to smears from the female genital tract. Here we are concerned chiefly with the main features of this method and the reasoning which led us to adopt it.
There is no doubt that exfoliative cytology has come into its own as a diagnostic tool in the detection of cancer and precancerous conditions. With trained observers, adequate facilities, and above all sufficient time, a high degree of accuracy in diagnosis can be obtained. Its disadvantages, particularly for mass screening, are obvious: it is time-consuming and expensive in terms of actual cost per positive case diagnosed and in skilled laboratory personnel who might be more profitably engaged. A less obvious, but perhaps more grave disadvantage is that the diagnosis of a cell as malignant or non-malignant depends more on a subjective impression in the mind of an individual, linked 17 March 1967. derived, one relating to the quality of the smear itself, e.g., uniformity of spreading and staining, presence of artefacts, etc., and one relating to the cell populations, viz., the ratios between the numbers of the different type of cells, their state of preservation and folding, tissue fragmentation and clumping, presence of leucocytes and erythrocytes, bacterial infection, etc. No actual measurements or counts are normally taken at this stage in routine examinations. Even the gradation of hormonal effects (Schmitt, 1953) does not necessitate actual counting. It is only in the more detailed study of a cell or cell groups carried out at x 300 to x 400 magnifications that certain 'pseudo-quantitative' measurements are occasionally introduced. The most common are the cytoplasm/nucleus ratio; the karyopyknotic index and the eosinophilic index. The first may be of great help in histology where the orientation of the cells observed is known, but becomes of little value for separate cells whose orientation is not certain. The second, in spite of many attempts at strict defining as simple superficial cell index, is still in practice defined in at least three different ways, the differences being reflected in the estimation of oestrogenic activities. The third introduces an original element of doubt since the most commonly used stain, that of Papanicolaou, often gives variable staining, making the distinction between the eosinophilic and cyanophilic cells difficult or impossible (Smolka and Soost, 1965 (Tolles and Bostrom, 1956 ) to a sophisticated method ofchromosome analysis (Ledley and Ruddle, 1966) , relying on contour resolution (Mellors and Silver, 1951; Mellors, Glassman, and Papanicolaou, 1952; Sawyer and Bostrom, 1958; Bostrom, Sawyer, and Tolles, 1959; Tolles and Bostrom, 1956 (Iversen, Gordon, Cowell, and Watson, 1966 (1) by presenting the exfoliated material to the machine in the form of a very narrow continuous track, containing dispersed cells, whose total width can be observed under a low power objective;
(2) by arranging a large number of sensing stations along the track; (3) by providing as far as possible all the U.V. and visible light at various required frequencies from one large polychromatic plasma source; (4) by introducing in addition to the existing parameters a new range of cell-defining parameters, each contributing its own fraction of information; (5) by adopting an unambiguous cell classification capable of very sensitive quantitative morphological or chemical differentiation.
The last mentioned cell classification is used by us in the Cesar fundamental classification (C.F.C.) which is based on a cybernetical concept of operandoperator relationship. Each form is expressed as a three-letter code of which the central letter acts as an operand, while the first and last act as operators (Fig. 1) . The central letter represents a stratum which, for all the cytoforms, is based on histo-embryological considerations.
We have defined five strata: endoderm (N); mesoderm (M); ectoderm (C); extraneous (T); and artefacts (A). The first letter in the C.F.C. is a cell differentiator, which may be defined as a sum total of operations (the operations themselves need not be known) which when acting upon the stratum will produce a particularly differentiated cell. Further subdifferentiation at all levels, e.g., tissue, cytoplasm, or nucleus, is also possible by the use of brackets and suffix numbers. It which the set of measurements has fallen. When the same parameter is measured for two different cells three situations may occur (Fig. 3) . In normal pattern recognition one looks for similarities, e.g., Fig. 3 C; in Cesar we are looking for differences, e.g., we seek parameters which will produce A or B. The second important factor, which is linked with the one above, is that of information fields. The information in any cytoform is most unlikely to be isotropic, i.e., uniformly distributed, but instead will show various degrees of anisotropy (Fig. 4) . We have observed that in cytological preparations the information content frequently increases, whether at the level of cytoplasm, nucleus, or subnuclear forms, as we approach the periphery, rather than at the centre of the particular structure. These observations are supported by the work of McMaster (1965) . It (Figs. 5 a, b, c) It is possible to lay a number of parallel cytotracks with this apparatus and still retain enough space to carry at the edges magnetic tracks, which may be used for storing patient data, or be used as markers for critical recall to any given position along the longitudinal axis.
Cytotracks can be laid irrespective of the means of collecting the cells. The choice of fixative or preservative is governed by best retention of cell structure and shape and staining consideration rather than by track laying limitations.
A wide range of pH permits acid, neutral, or basic staining and a further advantage of this method is the ability of staining in suspension. This is particularly applicable to Fuelgen staining where uniform staining is frequently very difficult.
Alternatively staining, differentiation, or leaching and restaining may be easily accomplished after track deposition by passing the film through a series of troughs. The cells dry in air, and although no mountant has been used, the track with the cells in it remains well anchored to the film base. Although spray varnishes can be used, we have found that they are not necessary: so far our cytotracks remained without any visible deterioration for a period of six months. The use of thin film with no cover is very advantageous to subsequent microscopy. Not only does it reduce considerably internal scattering, heat absorption, and optical errors, but it also permits direct oil immersion work. Surplus oil left on the tracks appears to have no effect on the track itself, but usual precautions against accumulation of dust must be observed. The general feature of cells in a cytotrack is their enhanced cytoplasmbackground contrast. This is most likely due to staining in suspension and the absence of glass surfaces.
The reading of cytotrack is achieved by a number of scanning stations, most of which can be energized by light or ultra-violet from one central source. This source can be conveniently provided by a plasma column issuing from a constricted nozzle plasma jet and/or radio frequency plasmas (Tylko, 1966) . These devices emit copiously in the visible and ultra-violet regions. The required intervals of the spectrum can be delivered to the cytotrack by relatively simple means.
A number of scanning stations are placed above the cytotrack along the rail. These employ different types of sensors and operate at different magnification levels, each contributing a different type of information. Briefly we are aiming at developing three groups of sensors.
The first operates at very low magnification and its object is to detect the presence and quality of cells, the degree of clumping or overlapping and folding of the superficial population, and also distinct colour changes.
Its role is similar to that of scanning a slide at low magnification. A simple and very cheap type of such a scanner, based on a photodiode matrix and the Schmidt trigger circuit, has been constructed and used on cytotracks stained with Papanicolaou. It is possible with this arrangement to count the individual cells and differentiate between them on the basis of their colour by simple colour filtering.
The second group of sensors operates at a higher magnification level, comparable to that of x 300 to x 600. We are considering here, in addition to the well proven flying spot type of scanning with its numerous variants (McMaster, 1965) , a number of new approaches. For instance, the use of an additional cylindrical lens purposefully distorts the image by elongating it approximately 5 x in the direction of film travel. This device allows a photoelectric matrix sensor more time to lock itself onto the objects.
By using very powerful sources of light such as those generated by RF plasmas it is possible to produce an image of the cell on a phosphor screen with special decaying characteristics. Once the image is produced the sensor reads it from the phosphor screen without any reference to the actual cytotrack. Controlled decay phosphors have a further advantage in this context, because it is possible to take their light values at fixed intervals of time when various less bright portions of the image have disappeared and in this way to obtain measurements of areas of various light intensities.
It is also possible by a slightly displaced imposition of a positive and negative image to obtain a sharply defined contour, similar to that of the phase contrast microscope, which in turn may be scanned to give the length of any perimeter.
Another important type of contour sensor with which we are experimenting is based on the use of a family of curves known as quasi-ellipses (Fig. 6 ). These can be plotted (or generated electronically) according to the simple equation:
(x/a)p + (y/b)n -1 -0 When n = 2 the quasi-ellipse becomes an ordinary ellipse, and when n = infinity the quasi-ellipse becomes a rectangle. It is possible to inscribe a cell of any contour into a given quasi-ellipse so that there are three points of contact of which two are the extremities of the longest chord in a cell. One may inscribe in this way a given cell into many types of quasi-ellipse but there will be only one value for n, for which the differences between the area of the quasiellipse and cell will be at a minimum. Such This group includes the moire pattern type of sensors in which trains of light pulses, e.g., generated by linear gratings, are transmitted jointly with the cell image. The sensors are placed at different angles of elevation and inclination to the plane of the cytotrack with consequent production of different rates of pulses. When a cell enters such a field a disturbance occurs in the train of pulses which is in turn read by the different sensors. From the known positions and inclinations of the sensors and the change in the pulsating pattern it is possible to extract some topological data. We are also using moire pattern principles in discerning fine structures of nuclei and cytoplasm, e.g., vacuolization or chromatin clumping.
In order to evaluate our sensors and optimize their design a considerable number of manual observations using ordinary microscopes has to be carried out. These measurements are carried out on particularly carefully prepared smears, with well defined cell populations. The measurements are carried out simultaneously by standard microscopy using calibrated graticules and micrometers, from photomicrographs and planimetry, and from projection microscopy. In addition to the areas of the cytoplasm and nuclei, we are measuring a number of new parameters of which we shall mention here the most important.
In every cytoform or artefact of a given contour S, it is always possible to find at least one chord of maximum length. In the rare cases where there is more than one such chord, the ambiguity will not affect the statistically valid argument. Denoting this chord by L.C. (longest chord) we can derive a number of important relations which are summarized in Figure 7 .
Having defined the L.C. we bisect it at a point p and note the two intercepts made at the points of contact with the 'upper' and 'lower' 
